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ABSTRACT 

A Supplemental Proposal That Would Strengthen All 
Restoration Plans Being Considered for the Salton Sea 

 
 
The strategic placement of solar-powered circulators in less than 20% of the Sea would improve 
the ecology of 100% of the Sea.  The circulators would immediately improve the habitat for 
humans and wildlife, and would eliminate or greatly reduce major odor events for the next 25 
years.    
 
The circulators are compatible with, and would supplement, all other pending Sea restoration 
alternatives, including the "no action" alternative.  The portable circulators can easily be re-
located to accommodate any changes in size, shape, or depth.  Furthermore, based on 
experiences in thousands of other water bodies it is virtually certain that other Sea restoration 
efforts alone, without circulation, will fail to solve the problems of harmful algae blooms 
(HABs), fish kills and odor events. However, circulators placed around the perimeter and in four 
(4) 2-miles-square zones in the middle of the Sea, including the two "deep-holes" would directly 
address the problems of HABs, fish kills and odors.  A 4-year phased approach is proposed, but 
could be accelerated.  
 
The proposed circulators have already demonstrated their ability at the Sea to prevent HABs, 
keep fish alive and control chronic odor events, in Desert Shores pilot testing in 2005-2006 and 
in USBR testing in 2003-2004. 
 
 

 

 

 

 

 

 

SolarBee at the Fingers at Desert Shores, Imperial County, CA 
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I. TECHNICAL NARRATIVE  
The key to success of any restoration efforts at the Salton Sea is to control the harmful 
algae blooms (HABs).  When an algae bloom in salt water dies off, there is a very rapid  
(within hours) depletion of oxygen and formation of large amounts of H2S. The 
combination is lethal to fish and triggers massive odor events. The immediate and 
strategic placement of long distance solar-powered circulators in less than 20% (42,000 
acres) of the Sea would improve the ecology of 100% (230,000 acres) of the Sea.   This 
proposal focuses on deploying long distance solar-powered circulators to control HABs 
in the near-term.  Addressing the HABs issues of the Sea is a necessary and critical 
component of any successful restoration effort of the Sea. This proposal seeks to provide 
the most benefit to the Sea at the least cost and in a manner that allows the most 
flexibility to complement and aid future restoration efforts. 

A. Purpose and Objectives: 
The purpose of installing circulators in the Salton Sea would be to provide a near-term 
solution for the majority of the water quality and odor problems at the Sea in a way that 
would be compatible with and supplements all other pending restoration efforts, 
including the ‘no action’ alternative.  The specific objectives include the control of HABs 
and H2S in the worst areas with the impaired water quality.  By addressing these two 
issues immediately, the local residents and wildlife would benefit immediately.  Portable 
solar-powered long-distance circulators would be strategically deployed with a focus on 
two areas: 1) the 85 miles perimeter of the Sea; 2) The deep holes in the middle of the 
Sea.  The specific objectives for these two areas are described in detail below. See Figure 
1 for conceptual placement of the circulators. 

1)  Perimeter machines: The purpose of the perimeter machines would be to circulate 
the area most prone to harmful algae blooms (HABs) and which receives the brunt of the 
impact of surface scum and algae blooms that are blown up against shore.  These areas 
experience high rates of algae decay, low oxygen, and H2S formation that rapidly lead to 
fish kills and odor events.  The objective would be to provide circulation in the perimeter 
to control the HABs, and draw up the H2S laden waters from the near shore bottom and 
mix with high Dissolved Oxygen (DO) waters on the surface thereby controlling odor 
events and preventing fish kills originating in the perimeter. 

2)  Deep Area machines: The H2S from the deep areas of the Sea is responsible for 
major and chronic odor events and contributing to massive fish kills due to the toxicity of 
H2S that forms quickly in salt water. The purpose of installing these deep area machines 
would be to continually de-gas H2S that has concentrated in the deep holes in the sea.  By 
bringing up and mixing with surface waters, the circulators would be providing a slow 
and constant release for the H2S. Any H2S that does not gas off at the machines will be 
oxidized to sulfate. The objective would be to provide sufficient degassing in the deep 
holes to control odor events and prevent fish kills originating in the deep areas of the Sea.  

Figure 2 illustrates the different deployment methods for the solar-powered circulators.  
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FIGURE 1 

(4) areas in the middle of the sea, 2 mile  x  2 
mile each, with  25 hypolimnetic H2S de-
gassing machines and 36 HAB control 
machines.   

Perimeter of the Sea would have 0.6 mile band 
of treated area, with both hypolimnetic H2S 
de-gassing machines and harmful algae 
blooms (HAB) control machines. Line width of 
treated area is approximately to scale. 

Perimeter treatment would have 2 rows of 
HAB control machines and 1 row of hypolimnetic 
H2S de-gassing machines, 0.6 mile wide band.   

HAB algae control 
machines: 1600 ft 
diameter 
45 acres spacing 
 

Hypolimnetic machines: 
2200 ft diameter, 90 acres  
spacing 



 
SolarBee Comments on Salton Sea  Draft PEIR -- January 16, 2007       Page 5 

FIGURE 2 
 

                                                                                                   

                                                                                             

 The shallow-set algae control machines shown above 
have 20 ft long intake hoses that are set at the 
thermocline and circulate the epilimnion (from the 
thermocline to the surface).  

These units are elsewhere in the proposal referred to 
as the epilimnetic machines.  

 

The deep-set machines shown above have longer intake 
hoses  (30-50 ft long) that are set close to the bottom, below 
the thermocline, and draw up water from near the bottom to 
the surface. The intake plate sets the floor of the circulation 
pattern and water/sediment is not drawn from below the 
intake plate. 
 
These machines are elsewhere in the proposal referred to as 
hypolimnetic machines. 

H2S is gassed off at surface as it is de-pressurized 

H2S H2S 

H2S 

H2S 
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B. Discussion:   
The Proposer has focused on the key to successful restoration efforts at the Salton Sea:  
any plan must include the control of HABs.   In the past 6 years, long distance solar-
powered circulators have solved HAB problems in almost 200 lakes including 60 
drinking water reservoirs, and in salt water systems in the US and Canada.  In many of 
these lakes, other methods were tried previously without success to control HABs, 
including nutrient limitation, aeration, alum, and other methods with a theoretical chance 
of success.  But other than these 200 circulator projects, virtually every lake restoration 
project ever attempted in the US and worldwide over the past 50 years, no matter how 
many hundreds of millions of dollars were spent, has failed to control HABs.  Thus it 
appears to be a virtual certainty that the Sea will experience on-going problems of HABs 
and die-offs, fish kills, and intense odor events unless and until long distance circulators 
are made part of the solution. 

The equipment being proposed would be effective immediately upon installation and can 
easily be re-located for ongoing maximum effectiveness as the Sea changes in shape, 
size, or depth.  

This equipment has been successfully demonstrated at the Salton Sea. Those experiences 
are summarized below:    

Odor Abatement Pilot Study at the Salton Sea with Solar-Powered 
Circulators:  The proposed circulators have been successfully tested at the Salton 
Sea.  In 2005-2006, the Salton Sea Authority sponsored the pilot study at Desert 
Shores.  Results indicate that SolarBees can effectively and sustainably control 
localized noxious odors, control harmful algae blooms, and reduce surface scum. 
There is further empirical evidence that SolarBees promote fish habitat and 
spawning, while preventing localized massive and chronic fish kills.  The pilot 
study indicates that SolarBees can help make the Salton Sea a healthier and viable 
recreational water body supporting many beneficial uses. 

 
United States Bureau of Reclamation (USBR)  Research Project at the Salton 
Sea with Solar-Powered Circulators:  In solar-powered circulator testing by the 
USBR in 2003-2004, at the end of the test the control pond was ‘biologically 
dead’, but the pond with circulation provided ‘noticeable ecological benefits’ 
including a thriving population of 300 corvina despite elevated salinity levels of 
87 ppt.    

While the benefits of circulation have been understood and appreciated for more than 30 
years, using circulators in large bodies of water was not practical until recent advances in 
long-distance circulation technology.   

Nor was it known that just part of a large water body could be successfully treated with 
circulation. See insert below for details of a recent example of a partial large lake 
approach in Houston Texas where the circulators were deployed over a portion of the 
whole lake. 
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For example, in 12,000-acre Lake Houston, just 660 acres are being treated, with 
excellent results, in front of a 40 MGD drinking water treatment plant. This 
experience supports the approach of treating the most critical areas of the Salton 
Sea in order to effect water quality over the whole Sea.  Note that the nutrient 
loading of the Sea is not nearly as severe as in many freshwater lakes and 
reservoirs in the US.    

 

 

 

 

 

 

 

 

 

 

 

C. Timing of Impacts with Solar-Powered Circulators:   
The circulators being proposed would have an immediate benefit on water quality at the 
Sea whereas the current alternatives under consideration in the Programmatic 
Environmental Impact Report (PEIR) would not start construction until 2014 at the 
soonest and most would not be completed until 2020 to 2030.   

So even if an accepted plan would eventually be effective without circulators (a low-to-
zero probability based on history), 25 years is unnecessarily long to wait for any 
improvement to water quality at the Sea.   By that time the Sea could experience a total 
ecological collapse. 

It is proposed that the circulators would be installed over a four-year period to phase in 
the implementation. However, that schedule could be accelerated. 

20 solar-powered 
circulators installed 
April 2006, treating 
660 acres of a 12,000 
acres lake serving the 
City of Houston, TX. 
 
Objective: control 
blue-green algae 
blooms. 
 
Results:  Not one taste 
and odor complaint, 
plant operation 
improved 
significantly. 
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D. Equipment Description:  
  
The proposed solar-powered circulators are 17-ft diameter x 3-ft above the water surface, 
and would float on the surface of the Sea and be held in place with mooring blocks.  They 
are constructed of 316L stainless steel and would be equipped high-wave float arms and 
intakes to handle conditions at the Salton Sea.  Each machine pumps brings to 3,000 
gallons per minute (gpm) of direct flow up the hose, and 7,000 gpm of induced flow from 
beneath the flow dish, for 10,000 gpm leaving the machine.  For machine deployed with 
the intake hoses set deep, in a hypolimnetic mode, only the direct flow up the intake hose, 
3,000 gpm, would be used to calculate the rate of withdrawal from the hypolimnion.  
 
The machines operate day and night 
from power supplied by three (3) on-
board photovoltaic-modules charging 
an on-board battery system.    
 
The on-board battery system is a 
military grade deep cycle marine 
battery that was originally designed for 
aircraft landing on aircraft carriers.  
 
The machines have a 25-year life:  the 
frame, motor and solar panels have a 
25-year life; the battery has an 
expected life of 5 to 15 years; the hose has an expected life of 5 years, assuming routine 
maintenance.  
 
No infrastructure is needed and the machines are portable so they can be easily re-located 
from time to time for optimal benefits as the Sea is changing or being restored. These 
machines have survived hurricanes in Florida, so damage would not be expected from 
earthquakes or high waves.   
 
All machines would be equipped with digital programmable controllers, GPS, and 
SCADA radio-link outputs.    On-shore transceivers would be able to obtain the signals 
from the SCADA system and maintain a record of the operation for each unit. 
 
It may be possible to have extra battery power potentially available most months of the 
year for possible add-on water quality monitoring devices.   
 
It would be hard to see more than three or four perimeter units from any one point on 
shore or on the water, and the units at the deep holes would not be visible from shore.  
The photos shown below were taken from the shoreline at Lake Palmdale to illustrate the 
visibility issues. 
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There are seven (7) SolarBees in Lake Palmdale, Los Angeles County, CA.  This 
recreational lake is a raw water storage reservoir ahead of a drinking water plant. 
 

 
 
The machines would also be equipped with solar-powered navigational beacons and 
boater safety kits.  Warning signs would be mounted on the units in English and Spanish, 
asking the public to keep 50 ft from the units.  See photo below of the SolarBee detailing 
navigational beacon and boater safety kit and warning signs. 
 

 

Lake Palmdale, CA   234 surface acres 
2 SolarBees viewed from shore 
 

Navigational Beacon 
 
 
Visibility Pylon 
 
 
Bird Guard 
 
 
Signage 
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II. STATEMENT OF WORK: 
The Proposer would manufacture the equipment at its Dickinson, ND plant and provide 
factory installation of the circulators at the Salton Sea over a four-year period.  The 
manufacturer would also propose to service the machines over life of the machines.   

Based on previous experience at the Salton Sea, the Proposer understands what it will 
take to maintain the machines to be relatively free of bio-fouling due to barnacles. 

Machines would be installed with a custom-designed barge that would remain in place at 
the Sea to service, maintain and monitor the circulators. 

Perimeter Machines:  All perimeter machines would be deployed as follows:  
Two rows of shallow-set machines for harmful algae control and one row of deep-
set H2S de-gassing machines.  The first row of algae machines would be spaced 
800 ft from shore and 1,600 ft apart from each other.   The adjacent row of algae 
machines would be spaced 2,400 ft from shore and 1,600 ft apart from each other.  
A row of deep-set de-gassing machines would be spaced 2,000 ft from shore and 
1,600 ft apart from each other, with each de-gassing machine centered between 
four algae control machines. 

Deep Area Machines:  In each of the 4 zones there would be 36 shallow-set 
algae-control machines, in a 1,600 ft square spacing pattern, and 25 deep-set de-
gassing machines, one centered between each algae-control machine. 

A. Detailed Schedule and Milestones By Phases: 
Table 1 outlines the number of machines and conceptual location by phases. 

In Year One, a total of 103 machines would be deployed as follows:  

Perimeter Machines:  42 units would be installed along the near-shore perimeter 
of the Sea.   The machines deployed along the perimeter would be placed in three 
rows, two rows for epilimnetic circulation and one row for de-gassing of H2S in 
the hypolimnion. In total these machines would cover about 8.5 miles of the 
perimeter (or about 10% of the total perimeter of the Sea).    

Deep Area Machines:  61 machines would be installed in one deep area zone of 
the Sea covering about 4 square miles (2 miles x 2 miles).  There would be 25 
deep-set degassing machine and 36 shallow-set algae-control machines, all in a 
square spacing pattern.  One primary objective in this first phase for the deep area 
machines would be to evaluate the best methods and means for measuring the rate 
of degassing of H2S in one deep holes, and the rate of flux of H2S in the treated 
deep hole as compared to the other deep holes.
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TABLE 1 
A Supplemental Proposal That Would Strengthen All Restoration Plans Being 

Considered for the Salton Sea 
Total perimeter, miles 85  448,800  lineal feet  
PERIMETER MACHINES      

Year % of perimeter Lineal Ft Epilimnetic Units Hypolimnetic Units Total 
1 10%  44,880   28   14   42  
2 25%  112,200   70   35   105  
3 30%  134,640   84   42   126  
4 35%  157,080   98   49   147  

TOTAL PERIMETER MACHINES 100%  448,800   280   140   420  
      
DEEP AREA MACHINES      

Year  Miles Square  Epilimnetic Units Hypolimnetic Units Total 
1 North Hole-A 2 36 25 61 
2 North Hole-B 2 36 25 61 
3 South Hole-A 2 36 25 61 
4 South Hole-B 2 36 25 61 

TOTAL DEEP AREA MACHINES   144 100 244 
      
GRAND TOTAL    424   240   664  
      
PERIMETER & DEEP AREA MACHINES BY YEAR Epilimnetic Units Hypolimnetic Units Total 

Year      
1    64   39   103  
2    106   60   166  
3    120   67   187  
4    134   74   208  

GRAND TOTAL    424   240   664  



Year 1 Schedule:  It would take approximately 3 to 4 months to manufacture, deliver 
and install these 103 machines. 

Year 1 Milestone: Factory crews would conduct basic water testing prior to installation 
at GPS designated points prior to the installation. Depending upon the time of year that 
the machines would be installed, changes in water quality could be detected within 1 
week.   Machine monitoring would be by SCADA and Radio Signal to an on-shore 
transceiver.  Water quality monitoring would be a separate task but could be done at the 
same time by factory crews or by a third party.  

In Year Two, a total of 166 machines would be installed as follows:   

Perimeter Machines:  105 machines would be installed along the near-shore perimeter 
of the Sea.   The machines deployed in rows as noted above.   In total these machines in 
this phase would cover about 21.5 miles of the perimeter (or about 25% of the total 
perimeter of the Sea).    

Deep Area Machines:  61 machines would be installed in one subsection section of one 
of the two deep areas in the Sea covering about 2 mile squares. 

Year 2 Schedule:  It would take approximately 4 to 5 months to manufacture, deliver 
and install these 166 machines. 

Year 2 Milestone: Testing would be done prior to installation at GPS designated points 
prior to the installation. Depending upon the time of year that the machines would be 
installed, changes in water quality could be detected within 1 week.   Inspection 
monitoring would be by SCADA and Radio Signal.   

In Year Three, a total of 187 machines would be installed as follows:   

Perimeter Machines:  126 machines would be installed along the near-shore perimeter 
of the Sea.   The machines deployed in rows as noted above.   In total these machines in 
this phase would cover about 25.5 miles of the perimeter (or about 30% of the total 
perimeter of the Sea).    

Deep Area Machines:  61 machines would be installed in one subsection section of one 
of the two deep holes in the Sea covering about 2 miles square. 

Year 3 Schedule:  It would take approximately 4 to 6 months to manufacture, deliver 
and install these 187 machines. 

Year 3 Milestone: Testing would be done prior to installation at GPS designated points 
prior to the installation. Depending upon the time of year that the machines would be 
installed, changes in water quality could be detected within 1 week.   Inspection 
monitoring would be by SCADA and Radio Signal.   

In Year Four a total of 208 machines would be installed as follows: 

Perimeter Machines: 147 machines would be installed along the near-shore perimeter 
of the Sea.   The machines deployed in rows as noted above.   In total these machines in 
this phase would cover about 25.5 miles of the perimeter (or about 30% of the total 
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perimeter of the Sea).    

Deep Area Machines: 61 machines would be installed in one subsection section of one 
of the two deep holes in the Sea covering about 2 miles square. 

Year 4 Schedule:  It would take approximately 6 to 7 months to manufacture, deliver 
and install these 208 machines. 

Year 4 Milestone: Testing would be done prior to installation at GPS designated points 
prior to the installation. Depending upon the time of year that the machines would be 
installed, changes in water quality could be detected within 1 week.   Inspection 
monitoring would be by SCADA and Radio Signal.  

Total Project over Four Years is a total of 644 machines would be installed as follows:   

Perimeter Machines:  420 machines would be installed along the near-shore perimeter 
of the Sea.   The machines deployed as noted above.   In total these machines in this 
phase would cover about 85 miles of the perimeter (or 100% of the total perimeter of the 
Sea).    

Deep Area Machines:  244 machines would be installed in the two deep holes in the 
Sea. 

Schedule:  4 years to install all 644 machines. 

B. Monitoring:   
Weekly or bi-weekly water quality testing in the treated areas and control areas could be 
conducted by the Proposer’s service crews or by a third party. The service crews typically use a 
Yellow Springs Instrument (YSI) Sonde 6600 with a 60 ft length probe to test the following 
parameters throughout the water column depth:  Dissolved Oxygen, pH, Temp, ORP, and 
Specific Conductivity.   A Hach Test Kit (HS-WR, range 0. - 11.25 mg/L) could be used to test 
H2S levels at the bottom and at multiple depths, including one at the surface.  A Kemmerer 
Sampler could be used to collect water sample bottle for laboratory analysis.  

C. Qualifications:  
This section details the Proposer’s experience in solar-powered circulation. The Proposer is the 
developer, manufacturer and installer of more than 1,000 solar powered circulators.  They have 
installed circulators in almost 200 impaired lakes and reservoirs around the US and Canada.  As 
a part of the Company’s on-going Research and Development (R&D) program, it is collecting 
water quality data from more lakes and reservoirs than any other private entity in the US. Its staff 
includes two Ph.D.s who are also Certified Lake Managers.  These credentials and commitment 
to extending the field of circulation make the Company the world’s leading authority in long-
distance horizontal and vertical mixing in open bodies of water.  
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The Company maintains a fleet of ten (10) service crews to install and service the machines.  The 
Company would provide all of the equipment and resources necessary to deliver, install and 
service the machines.  With the installation of the first machines, a specially designed barge 
would be mobilized to install and service the units. 
 
Specific to the Salton Sea, and previously noted, the Company has extensive experience in 2003 
and 2004 with the USBR’s evaporation workgroup conducting testing on solar-powered 
circulators at the Navy Test Site at the Salton Sea.  In addition, the Company has a contract with 
the Salton Sea Authority conducting a pilot project for Odor Abatement at Desert Shores.  

The Company has a General Service Administration Contract.  The contract number is GS-07F-
5628R, and is listed under Pump Systems, Inc., which owns 100% of SolarBee, Inc.  The name 
Pump Systems, Inc. is being changed to Medora Environmental, Inc. in early 2007.  The GSA 
contract will be amended to reflect the new name at that time.   

In addition, the Company has a 29-year history in pumps and custom pump system design and 
manufacturing.    

D. Management Information:  
The Proposer is a private entity that employs more than 65 technical and support staff whose 
entire focus is the research and development and commercialization of solar-powered circulators 
for open bodies of water with impaired water quality. 

Key personnel:   

Mr. Joel Bleth is President and Chief Applications Engineer, SolarBee, Inc.  Mr. Bleth is an 
industrial engineer and lawyer; he earned his degrees from University of North Dakota, Grand 
Forks, ND in 1975 (B.S.) and 1978 (J.D.).  He and Mr. Tormaschy started Pump Systems, Inc. in 
1978 (PSI was renamed Medora Environmental, Inc. in 2006).  The Company specializes in 
pumps and custom pump packaging.  Mr. Bleth and Mr. Tormaschy are the patent holders for the 
SolarBee technology. 

Mr. Bleth's work for the past 15 years has been focused on the development of new applied 
science technology for water treatment.  Currently, he is the chief science advisor for the 
SolarBee team that developed the SolarBee technology and now markets the circulators for 
wastewater, freshwater and potable water applications.  There are now more than 1,000 
SolarBees installed around the US and Canada.   Applications range from very large (100 million 
gallons) potable drinking water covered reservoirs to freshwater lakes (1 acre to 12,000 acres), as 
well as wastewater treatment systems, including high strength industrial wastewater treatment 
plants, and municipal wastewater systems.   Mr. Bleth manages all research and development 
efforts for new applications for SolarBees. 
 
Mr. Willard Tormaschy is Vice President of Manufacturing and Engineering, SolarBee, Inc.. 
Mr. Tormaschy is an industrial engineer and earned his degree from University of North Dakota, 
Grand Forks, ND in 1975.  He and Mr. Bleth started Pump Systems, Inc, in 1978 specializing in 
pumps and custom pump packaging.  Mr. Bleth and Mr. Tormaschy are the patent holders for the 
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SolarBee technology. 

Christopher Knud-Hansen, Ph.D., Certified Lake Manager, for the staff limnologist for 
SolarBee, Inc. Chris Knud-Hansen has a B.A. degree in Biology from Gettysburg College 
(1972), a M.S.P.H. degree in Environmental Sciences and Engineering from the University of 
North Carolina, Chapel Hill (1975), a Ph.D. degree in Limnology/Ecology from the University 
of California, Davis (1983), and J.D. degree with a focus on water law from the University of 
Colorado, Boulder (1995).  Over the years he has been on the faculty at the National University 
of El Salvador (Biology Dept., as a Peace Corps Volunteer), Michigan State University (Dept. of 
Fisheries and Wildlife), and the Asian Institute of Technology (Aquaculture Program, Bangkok, 
Thailand), and also worked as a limnological consultant with Aquatic Solutions, LLC (Boulder, 
CO).   

As a scientist-in-residence, Dr. Knud-Hansen has over 10 years experience conducting and 
supervising university-based limnological research in El Salvador, Honduras, Venezuela, 
Indonesia, and Thailand.  Research interests include nutrient cycling and eutrophication 
processes in freshwater systems, and natural food production for warmwater aquaculture.  While 
associated with various US and international universities, Dr. Knud-Hansen has taught courses in 
Limnology (in English and Spanish), Aquatic Ecology, Analysis and Simulation of Complex 
Systems, Experimental Design and Analysis, and Scientific Analysis and the Law.  He has also 
given workshops on bio-statistics, water quality analysis, and pond management for sustainable 
warmwater aquaculture.  He has authored and published over 20 peer-reviewed articles, assists in 
the peer-review process for several international scientific journals, and has presented scientific 
research at international conferences since 1982.  Knud-Hansen is a former Director and past 
President (2005) of the Colorado Lake and Reservoir Management Association. 

Dr. Knud-Hansen has been the staff limnologist at the SolarBee Division of Pump Systems, Inc. 
since 2004, where he assists in the application of SolarBees for improving water quality and the 
ecological restoration of lakes, reservoirs, ponds, and estuaries.    

Dr. Knud-Hansen’s Curriculum vitae and List of Publications appears in Appendix I. 

Sandra Walker is the California Regional Manager, SolarBee, Inc.. Ms. Walker is a former 
resident of the Imperial Valley and is familiar with the climate and culture of the region.  She has 
been with SolarBee for 5 years and is responsible for the California region.  Her background is in 
the field of renewable resources and renewable energy. Ms. Walker also has a background in 
large-scale project management and venture capital with a focus on the sustainable technologies. 
She earned her BA from Wilson College in Chambersburg, PA and her MBA from California 
Coast University in Santa Ana, CA. 

Harvey Hibl is Southwest Regional Manager, SolarBee, Inc..  Mr. Hibl is the primary sales 
engineer for SolarBee and operates out of SolarBee’s Denver office in Westminster. Mr. Hibl has 
been involved with Pump Systems, Inc. since 1979 where he has been designing and engineering 
pump packages in fluid handling for the industrial and municipal markets.  He attended the 
College of Engineering and Applied Science at University of Colorado.  For the last seven years 
Mr. Hibl has focused on the development of new applied science technology for water treatment.  
He is one of a team of science advisors that developed and now markets the SolarBee circulators 
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for freshwater, potable water and wastewater applications and is helping to develop new 
applications of the technology.   

Bruce Richards, Ph.D., CLM, is the Northeast Regional Manager for SolarBee, Inc, in 
Hockessin Delaware. He is the Company’s leading authority in estuary and oceanography issues. 
His current position encompasses technical sales and applications engineering of SolarBee units 
from Virginia to Maine. Prior to this position Dr. Richards served as the Executive Director of 
the Delaware Center for the Inland Bays (National Estuary Program) in Lewes, DE from 1995 
before joining SolarBee in the summer of 2004. Dr. Richards also served as the chair of the 
Delaware Invasive Species Council (2001-2004) and is currently a commissioner with the 
Delaware Lagoon Commission (2003-2009). Prior to this position, Dr. Richards served as a 
Senior Extension Agent for Penn State University, College of Agriculture in southeast 
Pennsylvania.  He has a Masters and Ph.D. in Agriculture and Extension Education from Penn 
State University, a Bachelors degree in Animal Science and a Masters in Oceanography both 
from the University of Delaware. 

E. Resource Requirements:   
This proposed project would represent a significant but not majority percentage of the resources 
of the Proposer to implement. Additional staff, primarily local personnel, would be added on a 
phased basis to maintain and monitor the units once installed.  The manufacturer currently owns 
35,000 square feet of manufacturing space that is sufficient to produce the number of units over 
the next four years.  The Proposer currently owns and operates specially designed and equipped 
installation truck-trailer-boat rigs that would be sufficient to install the circulators over the next 
four years.  In addition, the Proposer has designed and manufactured its own barge to deploying 
circulators in large open bodies of water, and for lifting circulators out of the water for in-situ 
cleaning.  

F. Control Approaches:   
The control approaches for this proposed project would be divided into two parts:   

Part 1 -- Contract Management   The Proposer would assign a staff person to manage the 
contracting elements of the project according to the terms and conditions of the contract.   In this 
case, the manufacturer would assign an internal program manager located at the factory to 
manage the contract, schedule and billing issues.  This person would report to the Project 
Manager for this proposed project.    

Part 2  -- Project Implementation   The Proposer would assign a staff person to manage the 
installation and service crews throughout the project.   All circulators would have digital 
programmable controllers, Global Positioning Satellite (GPS), and Supervisory Control and Data 
Acquisition (SCADA) outputs for remote and/or on-shore monitoring of the machines and, if 
added, water quality parameters.  These features would allow the monitoring of the operations of 
the machines once installed.  In this case, the manufacturer would assign an internal project 
manager located at the factory to manage the installation and on-going monitoring and 
maintenance phases of the project.  This person would report to the Project Manager for this 
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proposed project.  

G. Project Management:   
The Proposer has experienced technical and support staff to manage this type of project.  It has 
also developed its own installation and servicing barges specially designed for these circulators. 

 H. Previous or Ongoing Related Work:   
The Proposer has extensive experience in 2003 and 2004 with the USBR’s evaporation 
workgroup conducting testing on solar-powered circulators at the Navy Test Site.   

In addition, the Proposer had a contract with the Salton Sea Authority conducting a pilot project 
for Odor Abatement at Desert Shores and Varner Harbor.  Funding has run out for that project.   

See Appendix II provide a list of peer-reviewed, scientific papers relevant to the inhibition of 
harmful algal blooms through habitat disturbance. 
 

I. Subcontracted Work: 
 
This proposal does not foresee utilizing subcontractors to implement the Proposer’s portion of 
the contract.  The Proposer’s Scope of Work would be limited to installation, operation, and on-
going maintenance and monitoring services for the units.  It may be in the future that there would 
be a cost benefit to employing local personnel to provide on-going maintenance and monitoring 
services for the units.     

It is assumed that on-going water quality testing would be contracted to a third party.  This 
proposal does not include an estimate for on-going water quality testing. 

 

III.  COST PROPOSAL  

This proposal for the acquisition of equipment is covered in this proposal.  

A.  Equipment Costs 
The Cost for Equipment appears in Table 1.  There has been no attempt to include costs incurred 
by others to manage or monitor this proposed project. 
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Table III-1 

A Supplemental Proposal That Would Strengthen All 
Restoration Plans Being Considered for the Salton Sea 

Equipment Budget Cost Proposal 

Year Number of Units Installed Unit 
Cost-average 

Total Equipment Cost 

1 103 

1 custom barge 

$66,000 

$150,000 

$6,798,000 

$150,000 

2 166 $72,000 $11,952,000 

3 187 $80,000 $14,960,000 

4 208 $88,000 $18,304,000 

Total 664  $52,164,000 

 

These unit costs are budget costs including special coatings for bio-fouling, high wave action 
features, navigational beacons and signage, GPS and SCADA outputs and radios.  

The Proposer acknowledges that title to purchased equipment may be retained by Reclamation 
upon award or at the completion of the work, subject to the conditions of any applicable OMB 
Circulars.    
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B. Maintenance Costs 
A maintenance and service contract is also required for this proposed project. The Table 2 below 
shows that costs for a maintenance and service contract for the units installed on a cumulative 
basis. 

These costs do not include any water quality monitoring tasks. There has been no attempt to 
include costs incurred by the USBR to manage or monitor this proposed project. 

It may be possible for a third party, local, to take over some or all of the maintenance and service 
tasks.   

 
Table III-2 

A Supplemental Proposal That Would Strengthen All 
Restoration Plans Being Considered for the Salton Sea 

 
Maintenance and Service Cost Proposal 

Year Units/Yr Cumulative # Units Unit Cost Total Service Cost 

1 103 103 $1,500 $154,500 

2 166 269 $1,400 $376,600 

3 187 456 $1,200 $547,200 

4 208 664 $1,000 $664,000 

Total 664   $1,742,300 
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C. Summary of Project Costs 
Table 3 provides a summary of the total cost for the proposed project. 

There has been no attempt to include costs incurred by others to manage or monitor this 
proposed project. 

Table III-3 

A Supplemental Proposal That Would Strengthen All 
Restoration Plans Being Considered for the Salton Sea 

Total Cost Proposal 

Year Units/Yr Equipment Cost Service Cost Total Costs 

1 103 $6,948,000 $154,500 $7,102,500 

2 166 $11,952,000 $376,600 $12,328,600 

3 187 $14,960,000 $547,200 $15,507,200 

4 208 $18,304,000 $664,000 $18,968,000 

Total 664 $52,164,000 $1,742,300 $53,906,300 
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APPENDIX I 
 

Christopher F. Knud-Hansen 
Curriculum Vitae 

  
Education: 
 J.D. (Water Law), University of Colorado School of Law; Boulder, CO (1995) 
 Ph.D. (Limnology/Ecology), University of California at Davis, CA (1983) 

M.S.P.H. (Environmental Chemistry & Biology), University of North Carolina at Chapel Hill, NC (1975) 
 B.A. (Biology), Gettysburg College; Gettysburg, PA (1972) 
 
Fields of Specialization: 

 Nutrient cycling and eutrophication processes in freshwater ecosystems; biostatistics and experimental 
design; international development, warm-water aquaculture, water law and environmental policy 

 Licensed to practice law in Colorado since 1996. 
 Certified Lake Manager (CLM) by the North American Lake Management Society 
 Fluency in Spanish 
 
Legal Experience: 

Law School: Participated in the Colorado Journal of International Environmental Law & Policy (Articles 
Editor), Jessup International Moot Court Competition, clinic with the National Wildlife Federation, 
joint internship with the Colorado Attorney General’s Office and the Colorado Water Quality 
Commission.  Received the American Jurisprudence Book Award for Legal Writing course.   

  
 Adjunct Faculty, University of Colorado School of Law, Boulder, CO (1998) 
  Taught course titled Science and the Law. 
 
Scientific Professional Experience: 

Limnologist, SolarBee Inc. (2004-present) 
  Provides limnological consulting and application assistance for SolarBee, Inc., a company that  
  developed and manufactures the SolarBee, a solar-powered water circulator used in lake  
  management applications for preventing cyanobacteria blooms and restoring lake ecology. 
 
President/Owner, Aquatic Solutions, LLC, Boulder, CO (1998-2003), independent consultant (1995-98) 

   Founded the ecological consulting firm Aquatic Solutions, LLC in 1998.  Firm conducted 
scientific projects, research designs, and statistical analyses related to aquatic productivity, 
lake eutrophication, and watershed management.  Clients included the Colorado cities of 
Greenwood Village, Westminster, Thornton, and Northglenn, the Sierra Club, Water & 
Waste Engineering, Inc., Muller Engineering, Inc., Big Thompson Watershed Forum, 
Geoexplorers International, Inc., Pontius Water Consultants, Inc., Drexel, Barrell & Co, 
and Platte River Power. 

  
  Associate Professor (1991-93)/Assistant Professor (1989-91), Michigan State University, seconded to 

the Asian Institute of Technology (Aquaculture Program); Bangkok, Thailand (1988-93) 
Directed field activities for M.S.U.'s USAID-funded Pond Dynamics (Aquaculture) 
Collaborative Research Support Program, supervised seven M.Sc. students, and taught 
graduate course titled Experimental Design and Analysis in Aquaculture for five years. 

  
 Visiting Professor, Universiti Sains Malaysia; Penang, Malaysia (May 1990) 
   Presented workshop titled Experimental Design, Biostatistics and Computer-based Data 

Analysis for Fish Health Researchers to Asian scientists. 
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  Limnologist, Aquatic and Wetland Consultants; Boulder, CO (1987-88) 
   Investigated water quality issues regarding Boulder Creek, Boulder, CO. 
  
 Research Associate, Michigan State University seconded to Institut Pertanian Bogor (Faculty 
   of Fisheries); Bogor, Indonesia (1986-87) 
   Directed field operations for M.S.U.'s Pond Dynamics Collaborative Research 
    Support Program in Indonesia, and supervised theses for two M.Sc. students. 
  
 Visiting Professor, Universitas Brawijaya; Malang, Indonesia (Nov. 1986) 
   Presented workshop titled Water Quality Analysis to Indonesian scientists. 

   
  Research Associate, University of Colorado; Boulder, CO (1985-86) 

   Investigated water quality issues of Rocky Mountain wetland ecosystems. 
   
  Visiting Professor, University of Colorado; Boulder, CO (Jan. 1986) 

   Taught undergraduate course titled Freshwater Ecology. 
  
 Visiting Professor, University of Colorado; Boulder, CO (Spring 1985) 
   Taught two undergraduate courses titled Limnology and Techniques in Aquatic Ecology, 

and supervised one undergraduate student's independent study. 
   
  Research Associate, University of Colorado; Boulder, CO (1984 -85) 

   Directed field operations for ecosystems investigation of the Orinoco River, Venezuela. 
   
  Laboratory Director/Resident Limnologist, University of California at Davis; Davis, CA (1979-80) 

   Directed on-site research operations for a pre-impoundment investigation of the El Cajón 
hydroelectric project at Santa Cruz de Yojoa, Honduras. 

   
  Research Assistant, University of North Carolina; Chapel Hill, NC (1977-78) 
   
  Peace Corps Volunteer/Visiting Professor, Universidad Nacional de El Salvador; San Salvador, El 

Salvador (1975-77) 
 
Memberships: 

Scientific Societies:  American Association for the Advancement of Science, Ecological Society of 
America, International Association of Theoretical and Applied Limnology (SIL), North 
American Lake Management Society, Colorado Lake and Reservoir Management Association 
(President 2005, Board of Directors 2002-06), Sigma Xi, Union of Concerned Scientists 

Legal Associations:  American Bar Assoc., Colorado Bar Assoc., Boulder County Bar Assoc. 
 

Scientific Refereed Publications: 
Knud-Hansen, C.F., Hopkins, and H. Guttman. 2003. A comparative analysis of the fixed-input, 

computer modeling, and algal assay approaches for identifying pond fertilization requirements. 
Aquaculture, 228: 189-214. 

 
Knud-Hansen, C.F. 1998.  Pond Fertilization: Ecological Approach and Practical Application, Pond 

Dynamics/Aquaculture Collaborative Research Support Program, Oregon State University, 
Corvallis, Oregon. 125 p. 

 
Knud-Hansen, C.F. 1997.  Experimental Design and Analysis in Aquaculture. pp. 325-375, In: Dynamics 

of Pond Aquaculture, (H. S. Egna & C.E. Boyd, eds.), CRC Press, New York, 437 p. 
 

Knud-Hansen, C.F. and C.K. Lin. 1996.  Strategies for stocking Nile tilapia (Oreochromis niloticus) 
in fertilized ponds. pp. 70-76, In: The Third International Symposium on Tilapia in 
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Aquaculture, (R.S.V. Pullin, J. Lazard, M. Legendre, J.B. Amon Kothias and D. Pauly, eds.), 
ICLARM Conf. Proc. 41, 575 p. 

 
Shevgoor, L., C.F. Knud-Hansen, and P.E. Edwards. 1994.  An assessment of the role of buffalo 

manure as a fish pond input Part 3: Limiting factors, Aquaculture, 126:107-118. 
 

Knud-Hansen, C.F. and T.R. Batterson. 1994.  Effects of fertilization frequency on the production of 
Nile tilapia (Oreochromis niloticus), Aquaculture, 123:271-280. 

 
Shesthra, M. and C.F. Knud-Hansen. 1994.  Increasing attached microorganism biomass as a 

management strategy for Nile tilapia (Oreochromis niloticus) production. Aquacultural 
Engineering, 13:101-108. 

 
Knud-Hansen, C.F., T.R. Batterson and C.D. McNabb. 1993.  The role of chicken manure in the 

production of Nile tilapia (Oreochromis niloticus). Aquaculture and Fisheries Management, 
24:483-493. 

 
Knud-Hansen, C.F. and A. Pautong. 1993.  On the role of urea in pond fertilization. Aquaculture, 

114: 273-283. 
 

Knud-Hansen, C.F. 1992 (January).  Analyzing standard curves in water chemistry.  NAGA, The 
ICLARM Quarterly. International Center for Aquatic Living Resource Management (ICLARM), 
pp 16-19. 

 
Knud-Hansen, C.F. 1992.  Pond history as a source of error in fish culture experiments: A quantita-

tive assessment using covariate analysis. Aquaculture, 105: 21-36. 
 

Knud-Hansen, C.F., C.D. McNabb, and T.R. Batterson. 1991.  Application of limnology for efficient 
nutrient utilization in tropical pond aquaculture. Verh. Internat. Verein. Limnol., 24: 2541-2543. 

 
Knud-Hansen, C.F., C.D. McNabb, T.R. Batterson, I.S. Harahat, K. Sumatadinata, and H.M. Eidman. 

1991.  Nitrogen input, primary productivity and fish yield in freshwater ponds in Indonesia. 
Aquaculture, 94:49-63. 

 
McNabb, C.D., T.R. Batterson, B.J. Premo, C.F. Knud-Hansen, H.M. Eidman, C.K. Lin,  K. 

Jaiyen, J.E. Hanson, and R. Chuenpagdee. 1990.  Managing fertilizers for fish yield in tropical 
ponds in Asia. In: Proceedings of the 2nd Asian Fisheries Forum (R. Hiran and I. Hanyu, eds.), 
169-172. 

 
Knud-Hansen, T.R. Batterson, C.D. McNabb, Y. Hadiroseyani, D. Dana, and H.M. Eidman. 1990.  

Hatchery techniques for egg and fry production of Clarias batrachus (Linnaeus), Aquaculture, 
89:9-19. 

 
Knud-Hansen, C.F. 1988.  Seston sedimentation in a tropical reservoir. Lake and Reservoir Manage-

ment, 4(2):221-230. 
 

Knud-Hansen, C.F. and C.R. Goldman. 1987.  Phytoplankton productivity responses to nutrient 
enrichment in a tropical reservoir. Arch. Hyrdobiol. Beih., 28:463-469. 

 
Windell, J.T., B.E. Willard, D.J. Cooper, S.Q. Foster, C.F. Knud-Hansen, L.P. Rink, and G.N. 

Kiladis. 1986.  An Ecological Characterization of Rocky Mountain Montane and Subalpine 
Wetlands. U.S. Fish Wildl. Serv. Rep. 86(11). 298 p. 
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Knud-Hansen, C.F. 1986.  Ecological processes in Rocky Mountain wetlands. Chap. 4, p.148-176, 
In: Windell et al. 1986. An Ecological Characterization of Rocky Mountain Montane and 
Subalpine Wetlands. U.S. Fish Wildl. Serv. Biol. Rep. 86(11). 298 p. 

 
Vaux, P.D., C.F. Knud-Hansen and E. Vargas. 1984.  The development of limnology in Honduras, 

Central America, Verh. Internat. Verein. Limnol., 22:1271-1276. 
 

Spencer, H.C., L.H. Miller, W.E. Collins, C.F. Knud-Hansen, M.G. McGinnis, T. Shiroishi, R.A. 
Lobes, and R.A. Feldman. 1978.  The Duffy blood group and resistance to Plasmodium vivax in 
Honduras. Amer. J. Tropical Medicine and Hygiene. 27(4):664-670. 

 
Legal and Policy Publications: 

Knud-Hansen, C.F. 1995.  Shrimp Mariculture: Environmental impacts and regulations with a focus 
on Thailand, Colorado. J. International Envtl. Law & Policy, 6: 183-199. 

 
Knud-Hansen, C.F. 1994.  Historical perspective of the phosphate detergent conflict. Conflict  

  Resolution Consortium, University of Colorado, Working Paper 94-54, 6 p. 
 
Scientific Reports: 

Knud-Hansen, C.F. and J. Wulliman. 2000.  Experimental Evaluation of the Eutrophication Potential 
to Standley Lake of Raw, Settled, and Filtered Church Ditch Storm Water.  Prepared for cities 
of Westminster, Northglenn, and Thornton, CO. 46 p. + appendices. 

 
Knud-Hansen, C.F. and F.R. McGregor. 1998. Water Quality Trends and Sources of Excess Nutrient 

Loads in Cherry Creek Reservoir. Prepared for city of Greenwood Village, CO. 85 p. + 
appendices. 

 
Knud-Hansen, C.F., T.R. Batterson, H. Guttman, C. K. Lin, and P. Edwards. 1996.  Field Testing 

Least Intensive Aquaculture Techniques on Small-Scale Farms in Thailand. Pond Dynam-
ics/Aquaculture Collaborative Research Support Program, Oregon State University, Corvallis. 
22 p. + appendices. 

 
Batterson, T.R., C.D. McNabb, C.F. Knud-Hansen, H.M. Eidman, and K. Sumatadinata.  

1988.  Effect of chicken manure additions on fish production in ponds in West Java, Indonesia. 
CRSP Research Report 8808. Pond Dynamics/Aquaculture CRSP, Oregon State University, 
Corvallis. 6 p. 

 
Windell, J.T., L.P. Rink, and C.F. Knud-Hansen. 1988.  A 24-hr synoptic water quality study of 

Boulder Creek. Aquatic and Wetland Consultants, Inc. Boulder, Colorado. 97 p. + appendices. 
 

Windell, J.T., L.P. Rink, and C.F. Knud-Hansen. 1987.  A one-year, biweekly, 24-hour sampling 
study of Boulder Creek and Coal Creek water quality. Aquatic and Wetland Consultants, Inc. 
Boulder, Colorado. 63 p. + appendices. 

 
Goldman, C.R. and C.F. Knud-Hansen. 1983.  Report on reservoir clearing for pre-impoundment 

basin management of the El Cajón Reservoir. Ecological Research Associates, Davis, Califor-
nia. 19 p. 

 
Gemmill-Herren, B., C.F. Knud-Hansen and G. Wandesforde-Smith. 1982.  Environmental Assess-

ment in the Tropics:  Guidelines for River Basin Developments. Report to the Interim Commit-
tee for the Coordination of Investigations of the Lower Mekong Basin. Institute of Ecology, 
University of California, Davis. 234 p. 
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Knud-Hansen, C.F. 1976.  Manual del Laboratorio de Limnología. Universidad Nacional de El 
Salvador. San Salvador, El Salvador. 65 p. 
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APPENDIX II 
 
The following are among the peer-reviewed, scientific papers relevant to the inhibition of 
harmful algal blooms through habitat disturbance: 
 
Bailey-Watts, A.E. et al. (1987), An experiment in phytoplankton ecology and applied fishery 
management: effect of artificial aeration on troublesome algal blooms in a small eutrophic loch. 
Aquaculture and Fisheries Management, 18:259-276. 
 
Berdalet, E. (1992). Effects of turbulence on the marine dinoflagellate Gymnodinium nelsonii. J. 
Phycology. 28: 267-272. 
 
Berdalet, E. and M. Estrada. (1993). Effects of turbulence on several dinoflagellates species, p. 737-740. 
In: Toxic phytoplankton blooms in the sea. Proc. 5th Int. Conf. on Toxic Marine Phytoplankton. Elsevier. 
 
Donaghay, P.L. and T.R. Osborn (1997). Towards a theory of biological-physical control of harmful algal 
bloom dynamics and impacts. Limnol. Oceanogr. 42(5, part2): 1283-1296.   
 
Gibson, C.H. and W.H. Thomas. (1995). Effects of turbulence intermittency on growth inhibition of red 
tide dinoflagellate, Gonyaulax polyedra Stein. J. Geophys. Res. 100: 24,841-24,846. 
 
Harris, G. P. and G. Baxter (1996). Interannual variability in phytoplankton biomass and species 
composition in a subtropical reservoir. Freshwater Biology, 35: 545-560. 
 
Huisman, J., et al. (2004), Changes in turbulent mixing shift competition for light between phytoplankton 
species, Ecology, 85(11): 2960-2970. 
 
Jungo, E. et al (2001), Artificial mixing to reduce growth of the blue-green alga Microcystis in Lake 
Nieuwe Meer, Amsterdam: an evaluation of 7 years of experience. Water Science and Technology: Water 
Supply, 1(1): 17-23. 
 
Pearl, H. W. (1988), Nuisance phytoplankton blooms in coastal, estuarine, and inland waters. Limnol. 
Oceanogr. 33(4, part 2): 823-847. 
 
Pearl, H. W. and C.S. Tucker. (1995). Ecology of blue-green algae in aquaculture ponds. J. of the World 
Aquaculture Society, 26(2): 109-131. 
 
Pollingher, U. and E. Zemel (1981). In situ and experimental evidence of the influence of turbulence on 
cell division processes of Peridinium cinctum forma westii (Lemm.) Lefevre. Br. Phycol. J. 16: 281-287. 
 
Reynolds, C.S. et al. (1983), Some effects of artificial mixing on the dynamics of phytoplankton 
populations in large limnetic enclosures. J. of Phytoplankton Research, 5: 203-234. 
 
Reynolds, C.S. et al. (1987), Cyanobacterial dominance: the role of buoyancy regulation in dynamic lake 
environments. New Zealand Journal of Marine and Freshwater Research, 21: 379-390. 
 
Thomas, W.H. and C.H. Gibson. (1990).  Effects of small-scale turbulence on microalgae. J. Appl. 
Phycol. 2: 71-77. 
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Thomas, W.H. and  C.H. Gibson. (1990). Quantified small-scale turbulence inhibits a red tide 
dinoflagellate Gonyaulax polyedra Stein. Deep-Sea Res. 37: 1583-1593. 
 
Visser, P.M. et al. (1996), Artificial mixing prevents nuisance blooms of the cyanobacterium Microcystis 
in Lake Niewe Meer, The Netherlands. Freshwater Biology, 36: 435-450. 
 
White, A.W. (1976).  Growth inhibition caused by turbulence in the toxic marine dinoflagellate 
Gonyaulax excavata. J. 
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